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The investigation on prepartidon &-physicochemical process of nanosized

hydroxyapatite povider
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Abstract
* T7he inavestigations of the preparation and physicochemical process of thi HA nanostruetured

powder with high performance have been performed at present study. Thei HA preparation stabt from
* the ethanol solution of calciumn nitrate tetra.hydrate and phosphorous pentoxide as raw materials. The

chtaracterization of the effects of reacting tempe ratures On preparation, the crystalline degrees (somte
urnosphous HA formed at certain condition). of-the meacting pioducts are caruied out in the meanwhile.
The ptiscochensieal processes and the conditions fbi different reactions stages of the HA preparation
have beent traced and charactetized by the TO-DTA (thermogravimreffic and differential thermal
analysis). the FMI (fourier-transformed infrared spectroscopy) and other methods. The investigations
o1the chemical reactions for the HA preparation show that the synthesis of HA is comnpletely finished
at the temperature or500o for hours. The grain sizes and shapes of the HA reacting products nre
observed and characterized by the TEM and the XRD. The results show that the mean diameters of
these product grains awe as fine as 30-40nm. at the temperature of 500~ The XRD pattern of the
presetit HA powders sintered at 500 for 2h coincided vety well with the JCPDS standards showing
its superior purity and therfore, with really high performance for later applications.

1. latrodvefien
flydroxyapatite, Caj(Oj6OHt)j. commonly referre d to as HA 6r Hap, has attracted widespread

interes because or its excellent biocompatibility and bioaetiviny. Bleing the major inorganic conitituient
of botre HA emn provida chemnical bond to the bone and gradually replaced by bone. Hence, HA has
become an atractie materials for hard tissue impilantsý.

Converitiownafl HA powers can be prepared byseveral methods such as wet precipitation methodt,
dry method1. Itydretliermal method', sol-gel methods", etc. -

The -advantages of sol-gel technique include: increase or the honuogeneity due toa mixing the
reagents onl the molecular scale-, decrease of the beating temperature due to small Particle size with
high siirtitce areas ability to produce uniform fine-grained structures.

Various processes and reagents have been used to prepare the HA powder and costing. Peiren et
aL tuse calcium dielhoxide(Cit(ODt)i) and orthoiphosphorie seid(A3P04)as the reagents- Masuda' et at.
and Crai CS et at. a have prepared HA coating using Calcium diethoxide (Ca(OEt)i) and triethyl
phosphate (POOEr)y). CMV.Lopatin' et at. forma the sol with a*lbydraled solution of t44iutyl acid
phosphate and calcium nitrate tetrabydrate dissolved in 2-mcttroxyethanol. The reagents such as
calcium dietlroxidc and triethyl phosphate are expensive. It is necessary to find the cheaper reagents in
order to produce trenoized HA powder in large quantities. Werijian Weng'O." has ever used the ethanol
solution of calcium nitrate tetrhydrate and phosphorus pentoxide to prepare the HA coating on the
differenit substae. The reagents are cheap but the process is complex because the mixed ethanol

~correspondingautthor.Tel: +W6531-839564)3

e-rnsit: yj amig ýalt13.cota

135



soluion orealciura nitrate tetrahydrate and phosphorus pentoxide need to be refluxed for 24h.

1hc Aim ' f this papet is to prepare the naumsized HA powdcrs with the chcapracatant sand simple
process. li16 results would try to illustrate the physicoehemnical process of HA preparation with ethanol

solution orcalcitim nitrate learahydrate and phosphorous pentoxide.

L. Experimental procedures-
*Reagenta grade Ca(NQ%),- 41 110 and -PIN airc dissolved in ethanal solution according to Ca/P--'lA7

*respectively. The ethanol solution of 1`2(5 is slowly dropped into thc stirred Ca(NOj).4l1 2O ethanol

solution and then the mixture turn into transparent sotl after being continuously stirred for I Ommi. The
mixture is dried at NOC for 24h and turns yellow powder. Afierxvards, it is Fround into powder with a

mortar and pestle. n6t powder is d* icinothree groups. The fThat group is used to perform the
TO-IJTA test with the heating rate or iot/rain from room tempe rature to 1300r. The second group is
Used to perform the FTIR test. After gelitng the results or TG-DTA, the exothermnic and endothermnic
peaks and their corresponding temperatures are obtained. -in order to investigate the components of the
powder,lThe sceond groutp is sintered on Nicolet Magna 750.%pectorometer with the healing rate of It01
1min. The FTIR spectra -nre obtained in situ at temperature to which the main exothermic and
endothermic peaks ileapond. Vhe last group is sintered at different temperature and conted to room

* temperature to be characterized by )CRI potterns(Model: )Moos, Japan). Data are collected over 2 0
range froma 2(r to WO~. Identification of phases is earried out by comparing the difrraction data with
JCPDS standards. Thle morphology and sise are obtained by TFM(Model: 14B00, Japan). The sample is
dispersed by ultrasound in ethanol for 5min and then deposit on a copper grid for transmission electron
microscopic observation. The crystal siz.e is. estimated from nmicrograph.
3.Reasubs-and discusston

3.L. TG.DTA wadol

Fig.tI is tile TG-DTA curves of the mixture, The TG curve includes two stages: in the first stage (0-
6001C), the weight decrease quickly and about total 64.92% weight loss is observed. weight loss is
possibly duic it) evaporation. 01f water and ethanol and hum or the res idual solvent. Irk the second
stage(600-1400t). the weight decreases slowly and a total 'weight loss of is just only 3.83%.!

Figure I TG,-I)TA curve of the HA powders
The results of DTA are consistent with those of TG. The O)TA 'curve shows thntiliere are about four

exothermic peaks situated at 102.1,195.3,825.8,1047.9'C. The exothermie peaks at 102.1,195.31C ame
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due to burn of organic. The exothermsic peaks at 825.B,1047.81C indicate the onset of' crystallizat ion.
There are -also sii: endothermic peaks situated at 49.151,273.9,4633,545,741.7,1138.9C.- The
essdolbermnic: peaks at about 49j15i,273.9,463.3,545*C ame attributed to the evaporation of free water
and ethanol orlo0SS Of aMtIucua Water. The endothemic peak at 1138.91C possibly shows thatithe HA
decompose into fý-TCP and CaO. The HA prepared by wet precipitation method began to decompose, at
about 130D-14001C the temperture of decomposition of-HA prepared by sol-Set method is only
1138.91C due Dte smallsize andbig surfhce sofgrains'ý.
3.2 IR re."rths

In order to investigate the comnposition of the mixt ure at S0.l02,t:51,191,273,350,463t~the main
several exotherinic and endothermic peaks are present at these temperature in TIG-DTA curves), theIR
spectra of the mixture sintered at different temperaturc are obtained in situ. The results ame shown in
figure 2 (abe4)()(,grespectively.

Figure 2 FuR cuirve of HA samnples heated at different temperatures
In Figure 2, the bands at about 1363 and 935 cm"re attributedto the NO; ions. In Figure 2(a).

the strong peaks at 3458 and t637cnf' am attributed to water from ethaniol or Ca(NO3),4HO. ]a
Figure 2 (a),(b),(c).(d), the peaks at about 1236,1064,920,813,742 an" 1 assigned to
PO(OH)JJOR)ý"are present, suggesting that the mixture is mainly cotoposed of Ca(NO03) and
PO(OH).,ý(OR), fivm " to I 95C. in Figure 21e),(tj(g),tbe bands at aboutti03j,1060, 603,563 em-1
are assigned to PO?,-" idieating the mixture maybe mainly consists of HA, Ca(NO3)2 and)t-aPo,.

It can he seen from Figure 2 that the shapes of (a),(b),(c),(d) are similar and the shapes of e),(f),(g)
are also similar. But the shapes of the two groups are obviously different. On one band, the peaks at
about 1236,1064,920,813.742 cm-', present in Figure 2 (a),(b),(e),(d),disappear from Figure 2
(eMOQ,(g), indicating that MOMO).,(OR), decomposes before 2 73 1C.Ott the other hand, the intensity
ofpealcs at about 1031 cm-1 turn stronger in Figure 2 from (a) to (b), aiiggesting that the amount of HA
increases with the elevated teemperature These results arreconsistent with the following results of XRD
patterns;.

3.3 XRDresnfrs

Fig3(a,(),().d),e)(~,g)are the XRD patterns of mixture sintered at 20D.300,400,500,800 and
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Figure 3 The as-prepared powdersheated at different temperatulre mr 2h

(a) 200t (b)_300C (.)..001. (a)5.. b...OO (c)II200r

at .- ,IA, *-Cn(NO,)2. . 2  A--TCP. "--C. o
At 200'C. the mixture consists ofrCn(NO 3)., and a small amount of amorphous ralterfacconling to

IR analysis, this kitidororjganic mattcr ixPO(OlI)ý,,4R)J. A1 3001C and 41(tt'.the peaks of HA and
CarO is presen. ThMs shows that the mixture is composed of Ca(NO)': . a -CaLP.Os.IIA and CaO. in
addition, it can be seen that the amount at I A increase while the amount or Ca(NO3}, de... se with
the increast, or' temperaure. At 50O*t, the peaks attributed to Ca(NO,).2 ard a -Ca?ýO1 disappear
completely. flte XRID patterns are Widenical to hIA. Thc restults in table I also showed that s~ample
sintered at 50O*t for 2ht is pure [IA compared with the JCPDS standardis (JCPDS#9.432). Thc XRD
patterns at BOOt andt 12DDIC are similar with the pattern at 5001C. The slight differences lite that
XRD pittrn of IuIA powders int-recd at S COtexh it bdlr peaks and tfum ed sharper at h OOt and

1200tC. proving that IIA crystalliec gradually with the increase of temperatutre- Additionalty, a trace
amnount orjl-tt'(Ka,( -P04)2) anti (O are dtcted00"l in the 4patter at ' 00 and 12001

Table 1. Cons parson or IIA samples valuesn f hated

ataSOOf ror 21r with the JCPDS %tandards(#9 P-32) - " -

nubr .- Obsrved "JSPDS(#9-432) .-

1 2.8r15 100 2.h14 t00. 21-
2 2.7 19 66 2.720 60 300
3 2.778 59 2.778 60 112
4 3.A43. 39 3.44 .40 002
5 1.8139 39 1.841 40 213
6 1.943 37 .943 30 M2
7 2.627 26 2.631 25 202
2 2.263 27 2.262 20 310
9 3.041 16 3.08 .40 210
10 1.890 17 1.890 16 212

Whenl the ethanol solution of calcium nitrate tlrahydrale anti phosphorus pentoxide are mixed

together. The reactions are as followsa'
5

:

P2Q)+31 1,0 - 21 1hP0 4  (I)
(3-X)CI 5 O'l+I.PC) 4 -O--- PP(Ol)A((CX'H.d..- (3-XFIIO (2)

138



Ca(NOs)42C415 0H * + C5(CHsO + 211N0 3  (3)
Ca(N10) 2 01, 3P0., --- b- CaHP04 + HNIO, (4)

From 200 to 500, The process can be described as Eq. ()()()(t~

2Cal-lPO.1  - H.,O+CejA~P (5)
ca(OCA1~, + HzO---*ýcao + 2C1130.H (6)
3 Ca.POr + HO, WCoo - * Cau POW)OH) 2  67)

I0Ca(NO, +'6P0(OH)xfOCC,H$)hx + (2O-6X)Hp0-

Ca~sPj)6(OII} + 60 )C41,0i +201 IN03 (8

The results or Figusre 3 hamw proVed that the mixture, are compllied of Ca2P207 CaO, HA. The

amount of HA inremses with the increase of temperatue. The'reactions to prepare HA in Eq. (7),(B)

are fiished at500

A amount ofRHA begins, to decomapose over 800 as described in Eq. (9) 1

Calli(POMOH):.. 3Ca, (1`04 5+C8sjkOH()

In short, the results from XRI) patteinsrare consisent with the results ofIR analyses and TG-DTA

results. The mixtre consists or ca(ow), ILA, MOOH)iJOR). a -Ca-,PA0 and Cao Ionti 200 to

500'C. At S001C, Mixture is mainly composed of HA. The morphology of' the HA powder sintered at

5001C for 2h is shown in Figure 4. The indivdual particles are uniform. The size is about as big as

30-40nns. At 80O1t,1200tC. the mixture is comaposed of HA, a trace amount offt-TCP and CaO.

410a

Figure 4 Tzsnumission electron micrograph of HA grains healed at 5GOr for 2h

41.Cendusl~on

hWansi~zed HA powvdess can. be preparedl from ethlanol solution of CaMN3)a.4HOiod'P 20s by

aol-gel method. The reactants are cehap-and the process ii simple withotut reflstxmg. Thre results- are

.encouraging because the advantages offered by this'paocess can make it possible to produce the

nanosi~zed HA powder at low cost in larg~e quantities. The size of hydroxyapatitec crystal aintered at 500

'C for 2h is as fine as, about 30-4Dmn. The synthesis of HA A~ finished until about 500r. From 200 to

500tC,The ~ixtureis composd of amorphous HA, Ca(Ns),, PO(OH)3 ..,(OR).,, a .CasPG.A trace

almount ofP-TCPand Wa are present due to the decomposition of HA afler 8001C.
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